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5 MEMORY MODULE HAVING BUFFER FOR ISOLATING STACKED MEMORY 

DEVICES 

BACKGROUND OF THE INVENTION 
Fig. 1 is a block diagram of a prior art memory system. The system of Fig. 1 includes 
10 three memory modules 10, 12, and 14 that are coupled to a memory controller 16 through a bus 
1 8. Each memory module is fabricated on a circuit board that plugs into a connector 20 on a 
mother board 22. Each module includes multiple memory devices 24, 26, and 28 that are 
coupled to the bus 1 8 to allow the memory controller to access the memory devices. 

To increase the memory density of the modules, memory devices can be stacked on top 
J 1 5 of each other, thereby increasing the memory capacity of each module without increasing the 
CP space required on the circuit board. Stacking memory devices, however, increases the capacitive 

8 s ! loading of the signals on the bus. For example, from the perspective of the memory controller 

Ufi 

py • 16, each data line in the bus 18 has a total capacitance that equals the sum of the capacitance of 

59 each portion of the signal line running through sections A, B, and C of the bus, plus the 

□ 20 capacitance of the portion of the data line in sections 30, 32, and 34 that couple the memory 

J! 

P devices to the bus, plus the sum of the input capacitance of all of the memory devices (which are 

03 attached to sections 30, 32, and 34 in parallel). If additional memory devices are stacked on 

£3 

q devices 24, 26, and 28, then the capacitance of the additional devices are added to the total 

capacitance seen by the controller. Therefore, when the memory controller drives a data signal 
25 onto the bus, it must overcome the combined capacitance of all of the stacked memory devices. 
This heavy capacitive loading reduces the maximum operating speed and increases the power 
consumption by the memory system, especially at higher operating frequencies. 

BRIEF DESCRIPTION OF THE DRAWINGS 
30 Fig. 1 is a block diagram of a prior art memory system. 

Fig. 2 is a block diagram of an embodiment of a memory module in accordance with the 
present invention. 
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^ ■ Fig. 3 is a side view showing the mechanical arrangement of an embodiment of a 


memory module in accordance with the present invention. 


Fig. 4 is a block diagram of an embodiment of a memory system in accordance with the 


present invention. 
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DETAILED DESCRIPTION 


Fig. 2 is a block diagram of an embodiment of a memory module 100 in accordance with 
the present invention. Module 100 includes a first memory device 104 which is mounted on a 
circuit board 108. A second memory device 106 is stacked on top of the first memory device to 
10- form a stack 102. A buffer 1 10 is mounted on the circuit board and electrically coupled to the 
memory devices 104 and 106 through signal lines 1 12. A connector 1 14 is attached to the circuit 
board for coupling the memory module to a bus that leads to a memory controller on another 
^ " circuit board, e.g., a computer mother board. The buffer 1 10 is arranged to capacitively isolate 
the stack of memory devices from the bus. Therefore, the capacitive loading seen by a memory 

0^ * 

gl 15 controller (or other device) driving the bus is reduced. This increases the maximum operating 

m 

jy speed of the memory module and reduces power consumption. 

39 The buffer 1 10 sends and receives signals to and from the memory controller through 

q connector 1 14 over signal lines 120. In a preferred embodiment, the buffer 1 10 is designed to 

^ receive signals from the memory controller over a first bus and redrive them back out the 

03 20 connector over signal lines 122 (shown in broken lines) and to a second memory module over a 


Fig. 3 is a side view showing the mechanical arrangement of an embodiment of a 
memory module in accordance with the present invention. The stack 102 can be extended to 
include additional memory devices (shown in broken lines). Additional stacks can also be 
25 added, and they can be buffered by the first buffer 1 10, or a separate buffer can be used for each 


Fig. 4 is a block diagram of an embodiment of a memory system in accordance with the 
present invention. The system of Fig. 4 includes two modules 100A and 100B coupled to a 
memory controller 1 16 on a computer mother board 117 through a bus system 1 1 8 which 
30 includes buses 1 1 8A and 1 1 8B. The modules may be coupled through connectors 1 30A and 
130B which plug into connectors 132A and 132B, respectively, on the mother board. Each 
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module a stack of memory devices 102A,102B and a buffer 1 10A,1 10B that isolates the 
corresponding stack from the bus system. In the example of Fig. 4, the modules are coupled to 
the memory controller in a point-to-point arrangement. That is, the memory controller 1 16 is 
coupled to module 100A, which is designed to receive signals from the memory controller and 
redrive them to module 100B. The use of point-to-point wiring further reduces the capacitive 
loading seen by the memory controller. Alternatively, the modules 1 10A and HOB and memory 
controller 1 16 may be coupled together in a multi-drop arrangement in which both of the 
modules are essentially coupled in parallel on a single bus. 

The memory controller 1 16 is shown in Fig. 4 as part of a central processing unit (CPU) 
126, however, it may alternatively be implemented as one chip of a chipset, or in any other 
suitable form. The memory system shown in Fig. 4 includes two memory modules for purposes 
of illustration, but may be implemented with only a single memory module or with any number 
of modules. The buffers need not be mounted on the memory modules, but can also be mounted 
on the mother board or any other device on which the bus system resides. Moreover, the stacks 
of memory devices need not be mounted on modules. Instead, an entire memory system in 
accordance with the present invention may be fabricated on a single circuit board including the 
memory controller, bus, stacks of memory devices, and buffers arranged to capacitively isolate 
the stacks from the bus. The advantages of the present invention can be realized wherever 
memory devices are stacked by buffering the stack from other components, thereby reducing the 
capacitance load seen by the other component. 

Having described and illustrated the principles of the invention in some preferred 
embodiments thereof, it should be apparent that the invention can be modified in arrangement 
and detail without departing from such principles. We claim all modifications and variations 
coming within the spirit and scope of the following claims. 
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